Partner Approach
To meet DOE hydrogen storage targets, the key objective is the development of scalable processes that can cost-effectively produce carbon-based materials on a commercial scale. Thus, Rice University will continue developing the quality and characteristics of single-wall carbon nanotubes (SWNTs) as needed for nanoengineering applications. We will also develop processing and chemical treatments of SWNTs that permit 3-D nanoengineering of SWNTs such that pore size is optimized for H 2 storage.
Partner FY 2006 Results
SWNT Regrowth: Developed SWNT growth techniques that enable exact duplication with high yields of desired nanostructures. This has been demonstrated by the further growth of SWNTs whose ends reside at the end of a cut fiber (see Figure 1 ).
3D NanoEngineering: Outlined processing steps that create nanostructured materials with the optimum pore sizes (geometries) needed for maximum hydrogen storage capacity. Chemical processes for nanoengineering of SWNTs that enable optimum nanostructured materials (e.g. Figure 2) • • to be held in space with essentially 100% available surface area (>2,300 m 2 /g) for maximum gravimetric and volumetric hydrogen storage capacities have been outlined. Space molecules such as bi-phenyl groups will be chemically attached to adjacent SWNTs so as to create a well defined spacing between SWNTs. Different chemical groups will be inserted to give different pore spacings.
Aligned SWNT Arrays: Developed additional nanotube production methods for various types of carpet growth, also known as vertically aligned single wall carbon nanotube arrays. Nanotubes show excellent uniaxial thermal conductivity, nearly that of diamond, and these carpet nanotubes, hundreds of micrometers long, will likely be the best. Because the SWNT are well aligned carpets (as is the case for aligned SWNT fiber) they are a good candidate for nanopore engineering of SWNT spacing such that maximum surface area is created SWNT Fiber: SWNT fibers were shown to readily swell in 100% sulfuric acid. This increased spacing between SWNT permits molecular spacers to be placed between the SWNT such that when the acid is removed the lattice remains expanded with spacing dimensions set by the molecular spacer. Spun fibers were arrayed into aligned bundles to preserve the uniaxial thermal transport exhibited by individual SWNTs. This fibrous media also provides good gas transport along the axis. The loss of thermal conductivity typical of granular media is mitigated. Figure 4 shows a fiber before and after swelling in acid with crosslinking to make the 
Partner FY 2007 Plans
FY 2006 studies indicate that the sample surface area of SWNT materials should be increased to its maximum possible value by expanding the lattice with molecular spacers between all SWNTs. In addition, the spacing between SWNTs should be optimized for maximal hydrogen storage. Theory has suggested a spacing of ~9 angstroms is near the optimum.
Develop methods for varying the 3-D spacing of the nanoframe. This will involve developing chemical methods for placing molecular spacer between nanotubes. The spacers are expected to take up less than 10% of the available surface area.
Measure H 2 uptake of new 3-D nanoengineered structures: candidate samples will be measured for Bruner-Emmett-Teller surface area and then sent to NREL for hydrogen uptake measurements.
Begin (parametric) studies of pore size vs. hydrogen uptake: spacer groups such a condensed ring aromatics, C 60 carboranes etc will be investigated. Develop lithium: SWNT atom intercalation methodology whereby the nanoframe is a scaffolding for room temperature uptake of hydrogen onto the lithium (Kubas complex), for which theory predicts over 6 wt%.and 55 g/L.
Our goal is to achieve uptake of 6 wt% and 45g/L with these different materials.
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